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MOUNTING A PELLICLE TO A FRAME 
BACKGROUND 

[0001] A microchip manufacturing process may form a 
photosensitive film or photoresist on one or more deposited 
layers on a wafer. A photolithography system may transmit light 
through transmissive optics or reflect light from reflective 
optics to a reticle or patterned mask. Light from the reticle 
transfers a patterned image onto the photoresist. Portions of 
the photoresist which are exposed to light may be removed. 
Portions of the wafer which are not protected by the remaining 
photoresist may be etched to form transistor features. 
[0002] A microchip manufacturing process may require several 
lithography processes to be implemented at the wafer level. The 
pattern imprinted onto the wafer by the photolithography process 
at different levels is replicated from the reticle. One reticle 
may be used to reproducibly imprint thousands of wafers. The 
reticle may be subjected to handling during its lifetime. There 
may be a pellicle to protect the reticle from particle 
contamination deposited onto the pellicalized reticle due to 
environment and handling. 

DESCRIPTION OF DRAWINGS 
[0003] Fig. 1 illustrates an example of a lithography system. 
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[0004] Figs. 2A and 2B are top and side views, respectively, 
of a reticle, a pellicle and a pellicle frame, which may be used 
in the lithography system of Fig. 1. 

[0005] Fig. 3 illustrates defects on the reticle of Fig. 2A 
after the pellicle and reticle are exposed to radiation in the 
lithography system of Fig. 1. 

[0006] Figs. 4A and 4B are a top view and a cross-sectional 
side view, respectively, of a pellicle, an outer pellicle frame 
and an inner pellicle frame in accordance with an embodiment. 
[0007] Figs. 5A and 5B are a top view and a cross-sectional 
side view, respectively, of the pellicle, outer pellicle frame, 
and inner pellicle frame of Fig. 4A with optional screws. 
[0008] Figs. 6A and 6B illustrate the pellicle and outer 
frame of Fig. 4A before a heat treatment and after heat 
treatment . 

[0009] Fig. 7 illustrates the pellicle and pellicle frames of 
Fig. 4A, a pre-cut polymer layer and a reticle. 
[0010] Figs. 8A-8C are side views of a pellicle, a pellicle 
frame, an adhesive layer and a reticle being mounted and 
experiencing a temperature change. 

[0011] Fig. 9 illustrates a temperature change of reticles 
and corresponding in-plane displacement or distortion. 
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[0012] Fig. 10 is a differential scanning calorimetry (DSC) 
graph of Polytetraf luoroethylene (PTFE) , which may be used for 
the pellicle of Fig. 4A. 

[0013] Fig. 11 illustrates a technique of attaching the 
pellicle to the frames of Figs. 4A-4B and attaching at least one 
of the frames to the reticle of Fig. 7. 

DETAILED DESCRIPTION 
[0014] Fig. 1 illustrates an example of a lithography system 

100 (also called a lithography tool, a lithographic exposure 

system, a projection printer, a scanner or a stepper) . The 

lithography system 100 may include a laser or radiation source 

102, a reflective reticle 107 with a pattern (also called a 

mask), and a plurality of reflective reduction optics 108. The 

reticle 107 may be made of glass and chromium. The laser 102 

may produce radiation which reflects off the reticle 107 to form 

a patterned image on an object 110. 

[0015] Figs. 2A and 2B are top and side views, respectively, 
of the reticle 107 of Fig. 1, a pellicle 200 and a pellicle 
frame 202, which may be used in the lithography system 100 of 
Fig. 1. The pellicle 200 may be a thin, transparent membrane 
which allows radiation from the laser 102 to pass through to the 
reticle 107. The pellicle 200 and frame 202 may be permanently 
attached to the reticle 107. The pellicle 200 may be held at a 
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fixed distance from the reticle surface. During the lithography 

process, the image of most particles on the pellicle 200 may be 

out of focus on the object (wafer) surface and therefore will 

not generate a defect on the object 110. The original quality 

of the reticle 107 may therefore be preserved. 

[0016] Once the pellicle 200 and frame 202 are properly 

attached, the surface of the reticle 107 may stay free from 

future particle contamination. A particle or contamination 

deposited on the reticle 107 may reduce the yield for an object 

110 processed by the lithography system 100. The pellicle 200 

and frame 202 are intended to protect (e.g., seal off) the 

reticle 107 from particles falling onto the reticle due to 

handling the reticle 107. The pellicle 200 may increase the 

wafer yield of the lithography system 100. 

[0017] The pellicle 200 may be applied, stretched and 

attached to the frame 202 with organic adhesives. The adhesives 

may typically include low molecular weight compounds, e.g., 

polymers, with additives or solvents, such as perf luorinated 

amine solvent. Adhesives may also be used to attach the 

pellicle frame 202 to the reticle 107. Pressure sensitive 

gaskets may be used as reticle-to-frame adhesives. 

[0018] When the pellicle 200 is exposed to radiation (e.g., 

scattered light or laser exposure) in the lithography system 100 

of Fig. 1, the adhesives and solvents may outgas or evaporate. 
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Adhesive or solvent outgasing may produce one or more types of 
residual organic vapors, which may include compounds such as 
perf luorotripropylamine . The outgased organic vapors may harm 
the pellicle 200 by reducing pellicle transparency, cause 
pellicle thinning and accelerate pellicle photodegradation . As 
organic vapor concentrations increase, an amount of energy 
needed to cause a transmission loss in the pellicle 200 may 
decrease. Thus, outgased organic vapors may reduce a pellicle's 
lifetime. Thinning of the pellicle 200 may cause defects or 
particle contamination on the reticle 107. 

[0019] Fig. 3 illustrates defects 300 on the reticle 107 of 
Fig. 2A generated after the pellicle 200 and reticle 107 are 
exposed to radiation (e.g., several joules) in the lithography 
system 100 of Fig. 1. The defects 300 may be caused by 
outgasing of pellicle adhesives and particle contamination at 
248-nm, 193-nm, 157-nm or other wavelength radiation. The 
defects 300 may further degrade the reticle surface if the 
pellicle 200 is removed and the reticle 107 is cleaned. 
[0020] The present application relates to mounting a pellicle 
to outer and inner frames and attaching at least one of the 
frames to a reticle without using conventional adhesives. 
Mounting techniques described below may reduce defects caused by 
outgasing and may avoid cleaning processes. 
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[0021] Figs. 4A and 4B are a top view and a cross-sectional 
side view, respectively, of a pellicle 402, an outer pellicle 
frame 404 and an inner pellicle frame 406 in accordance with an 
embodiment. The pellicle 402 may be optically transparent to a 
pre-determined exposure wavelength, such as 157 nm, 193 nm, 248 
nru or other wavelengths, for example. The pellicle 402 may be a 
thin polymer membrane, e.g., less than or equal to 10 microns 
thick, such as 6 microns thick or one micron thick. The 
pellicle 402 may be a thin film formed by spin coating, 
extruding, casting or some other method. The pellicle 402 may 
be any thermoplastic polymer (such as a fluoro polymer, a 
hydrocarbon polymer, such as cellulose, or a silicon-containing 
polymer) or copolymers of the above polymers, which may meet 
desired optical transparency and irradiation durability 
specifications. An example of a specification for optical 
transparency may be transmission greater than 90% at an exposure 
wavelength of 157 nm, 193 nm, 248 nm or any other wavelength. 
An example of a specification for optical durability may be 
transmission greater than 90% after several kilo Joules/cm 2 
irradiation equivalent dose at an exposure wavelength of 157 nm, 
193 nm, 248 nm or any other wavelength. 

[0022] As an example, the pellicle 402 may be "Cytop" 

(amorphous cyclized perf luoropolymer or poly (perf luoro ( 3-butenyl 

vinyl ether) ) ) , available from Asahi Glass Company in Japan, or 
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"Teflon AF, " an amorphous cyclized perf luoropolymer that 
contains a dioxole ring and a liner fluorocarbon chain, 
available from DuPont Photomask, Inc., or other polymers meeting 
optical and durability requirements. These polymers may be used 
for the pellicle 402 of Figs. 4A-4B. To provide a conceptual 
proof of some aspects of the present application, a sheet of 6- 
micron thick of a thermoplastic polymer polytetraf luoroethylene 
(PTFE) film, such as a DF100 C cast film obtained from St. 
Gobain of Garden Grove, California, was used. PTFE is a polymer 
comprised of a -CF2-CF2- repeat monomer unit. 

[0023] The dual frames 404, 406 in Figs. 4A-4B may be made of 
metals, such as aluminum or invar (metal alloy containing iron 
(Fe), nickel (Ni) and cobalt (Co)). The outer pellicle frame 
404 may be made of the same material or a different material as 
the inner frame 406. The frames 404, 406 may have various 
application-dependent forms. As an example, the frames 404, 406 
may have a size of 148 x 122 x 6.3 mm or 148 x 105 x 5.0 mm. 
Another possible length x width dimension may be 144 mm x 120. 
Other possible pellicle dimensions may based at least in part by 
values from a lithography stepper equipment manufacturer. 
[0024] Mechanical Attachment of Pellicle to Frames 
[0025] In an embodiment, the pellicle 402 may be securely 
attached or clamped between the outer frame 404 and the inner 

frame 406 mechanically without using an adhesive, as shown in 
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Fig. 4B. The outer and inner frames 404, 406 may be sized and 
shaped to connect together by, for example, a snap action or a 
lock action. A top surface 407 of the inner frame 406 presses 
against an inner surface 408 of the outer frame 404 with the 
pellicle 402 held between these surfaces 407, 408. The pellicle 
402 may be held by friction. This forms a mechanical attachment 
of the pellicle 402 to the frames 404, 406, which may avoid 
using an adhesive and may reduce the chance of outgasing. 
[0026] An alternative embodiment is shown in Figs. 5A and 5B, 
which show a top view and a cross-sectional side view, 
respectively, of the pellicle 402, outer pellicle frame 404, and 
inner pellicle frame 406 of Fig. 4A with screws 502. The screws 
502 may attach the outer frame 404 to the inner frame 406. The 
screws 502 may also hold the pellicle 402 between the frames 
404, 406. The screws 502 may extend in substantially the same 
direction as the pellicle 402, as shown in Fig. 5B. 
[0027] Heat Treatment of Pellicle 

[0028] Mechanical attachment and clamping of the pellicle 402 
to the outer and inner frames 404, 406 may be combined with, or 
be replaced by a heat treatment (also called a thermal 
treatment, which includes a heating and a cooling cycles, to 
hold and stretch the pellicle 402. Pellicle attachment to the 
frame is achieved due to thermal expansion of the inner metal 
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frame, which should be greater than both thermal expansions of 
polymer membrane and outer metal frame. 

[0029] Figs. 6A and 6B illustrate the pellicle 402 and outer 
frame 404 of Fig. 4A before a heat treatment 600A and after the 
heat treatment 600B. The pellicle 402 may be slightly wrinkled 
(Fig. 6A) after being clamped between the frames 404, 406 and 
before a heat treatment. The heat treatment may remove wrinkles 
in the pellicle 402 (Fig. 6A) and stretch the pellicle 402 (Fig. 
6B) between the frames 404, 406 (Figs. 4A-4B) . The heat 
treatment may be in a temperature range above the glass 
transition temperature of the pellicle 402 (e.g., polymer) and 
below its melting temperature. The heat treatment may involve 
inserting the frames 404, 406 and pellicle 402 in an oven. 
[0030] Selection of materials for the inner and outer frames 
406, 404 may be important because a differential in thermal 
expansion coefficients of the pellicle 402, inner frame 406 and 
outer frame 404 may affect tension on the pellicle 402. The 
outer frame 404 may be selected to have a lower coefficient of 
thermal expansion than the inner frame 406. In another 
embodiment, the outer and inner frames 404, 406 may both have 
the same coefficient of thermal expansion. In the latter 
embodiment, thermal cycling may be combined with mechanical 
attachment . 
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[0031] As an example f the pellicle 402 and frames 404, 406 

may be heated at a rate of 3 degrees Celsius per minute to a 

holding temperature, such as 200, 329 or 337 degrees Celsius. 

The holding temperature may be selected above a glass transition 

temperature (e.g., 131.7 degrees C in Fig. 10) of the pellicle 

402 and up to a melting point temperature of the pellicle 402. 

For example, the melting point of PTFE film may be about 329 or 

340 degrees Celsius, where 329 degrees Celsius may be an onset 

melting temperature. The pellicle 402 and mounted frames 404, 

406 may be held at the selected holding temperature (e.g., 200, 

329 or 337 degrees C) for an hour or other selectable duration. 

[0032] Fig. 10 is a differential scanning calorimetry (DSC) 

graph 1000 of polytetraf luoroethylene (PTFE) , which may be used 

for the pellicle 402 of Fig. 4A. The heat flow (left vertical) 

axis in Fig. 10 represents heat absorption or heat production in 

Watts per gram (VI /g) . The diagonal line in Fig. 10 corresponds 

to values on the right axis, which represents time in minutes. 

The bottom (horizontal) axis represents temperature in degrees 

Celsius. At about 324.43 degrees Celsius, an energy of PTFE may 

be about 35.13 Joules/gram. Fig. 10 shows a glass transition 

temperature, a melting point temperature and a range in between 

the glass transition temperature and melting point temperature. 

[0033] After the heat treatment, the frames 404, 406 and 

pellicle 402 may be cooled slowly to room temperature, e.g., at 
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a rate of 4 degrees Celsius per minute. During the heat 
treatment and cooling, the pellicle 402 (e.g., polymer) clamped 
between the two frames 404, 406 (e.g., aluminum) may stretch 
onto the frames 404, 406, as shown in Fig. 6B. The mechanical 
stretching of the pellicle 402 upon cooling may be attributed to 
a differential in thermal expansion coefficients of the pellicle 
402 (e.g., 8 parts per million (ppm) /degrees Celsius for PTFE) 
and the frames 404, 406 (e.g., 23.6 ppm/degrees Celsius for 
aluminum) . 

[0034] Using an inner frame 406 of greater thermal expansion 
coefficient than the outer frame 404 may be preferred to provide 
clamping of the pellicle 402 during thermal treatment. The 
clamping-stretching effect may be more pronounced if the outer 
frame 4 04 comprised a material with a lower thermal expansion 
coefficient than the inner frame 406. For example, the outer 
frame 404 may be made of invar with a thermal expansion 
coefficient of 0 (zero) ppm/degrees Celsius, and the inner frame 
406 may be made of aluminum with a thermal expansion coefficient 
of 23.6 ppm/degrees Celsius. The inner frame 406 may expand 
less or more than the outer frame 404. 

[0035] Mechanical attachment of the pellicle 402 to the 

frames 404 , 406 (Figs. 4A-4B) and a subsequent heat treatment 

(Figs. 6A-6B) may maintain tension on the pellicle 402. The 

heat treatment may be a repeatable process to remove wrinkles in 
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the pellicle 402. The heat treatment may be repeated to remove 
wrinkles on the thin pellicle film membrane 402 even after the 
pellicle frame 404 and/or 406 is attached to the reticle 702 
(Fig. 7) . 

[0036] Attaching At Least One Frame to A Reticle 
[0037] Fig. 7 illustrates the pellicle 402 and pellicle 
frames 404, 406 of Fig. 4A, a pre-cut polymer layer 700 and a 
reticle 702. The reticle 702 may be made of fused silica and 
have a coefficient of thermal expansion of 0.55 ppm/degrees 
Celsius. The outer frame 404 and/or the inner frame 406 may be 
attached to the reticle 702 by using the polymer layer 700 as an 
adhesive . 

[0038] The polymer layer 700 may be a "low melting point 

polymer" having a melting point between about 60 to 150 degrees 

Celsius. The "low melting point polymer" may also be called a 

low melting point, low outgas thermoplastic. For example, the 

polymer layer 700 may be a polyester thermoplastic obtained from 

3M. Thermoplastic materials may be elastic. Typically, 

thermoplastic materials may have less residual impurities and 

solvents than other low molecular weight adhesive materials. 

[0039] The polymer layer 700 may be pre-cut to match a size 

and shape of a bottom surface area of the inner frame 406 and/or 

outer frame 404, as shown in Fig. 7. The frames 404, 406 are 

laid over the pre-cut polymer layer 700. The frames 404, 406, 
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polymer layer 700 and reticle 702 may be aligned by a mounter. 
Heat and pressure may be applied to the frames 404, 406, polymer 
layer 700 and reticle 702 to achieve a hermetic seal or bond 
between the inner and/or outer frames 406, 404 and the reticle 
702. The heat and pressure may remove any air gaps between the 
frames 404, 406, polymer layer 700 and reticle 702. The heat 
treatment may involve a temperature change from about 4 5 degrees 
to 150 degrees Celsius. The polymer layer 700 may be a 
polyester thermoplastic used with a 65-75 C degree bond line 
temperature, a 2-second dwell time and 50 pounds per square inch 
(psi) pressure. 

[0040] In an embodiment, only the inner frame 406 is attached 
to the reticle 702 with the polymer layer 700, which leaves the 
outer frame 404 free to absorb stress or displacement. 
[0041] A thermoplastic seal between the frame 404 and reticle 
702 may be reversibly removed by heating the pellicle 402, 
frames 404, 406 and reticle 702. 

[0042] A thermoplastic seal may provide comparable or better 
particle protection properties than pressure sensitive gaskets, 
which are currently used as frame-to-reticle adhesives. The 
polymer layer 700 may have lower residual impurities and 
solvents than pressure sensitive gaskets. The polymer layer 700 
may reduce a chance of outgasing and reduce pellicle 
deterioration. 
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[0043] Effects of Heating 

[0044] Figs. 8A-8C are side views of a pellicle 800, a 
pellicle frame 802, an adhesive layer 803 and a reticle 804. 
The pellicle 800, pellicle frame 802, adhesive layer 803 and 
reticle 804 in Figs. 8A-8C may represent the pellicle 402, outer 
pellicle frame 404, polymer layer 700 and reticle 702 of Fig. 7 
if a "non-localized" heat treatment is used to attach at least 
one of the frames 404, 406 to the reticle 702. "Non-localized" 
means heat is applied to all components of Figs. 8A-8C. 
"Localized" means heat is only applied to one or more specific 
components in Fig. 8A. 

[0045] Fig. 8A illustrates the pellicle 800, pellicle frame 
802 and adhesive layer 803, which are flat and unattached to the 
reticle 804 at an initial temperature of T. 

[0046] Fig. 8B illustrates the pellicle 800, pellicle frame 
802, adhesive layer 803 and reticle 804 of Fig. 8A moved to a 
location with a temperature of T+AT for bonding with a "non- 
localized" heat treatment. Heat and pressure are applied to 
bond the pellicle frame 802 to the reticle 804 using the 
adhesive layer 803. 

[0047] Fig. 8C illustrates the pellicle 800, pellicle frame 
802, adhesive 803 and attached reticle 804 being moved back to a 
location at temperature T. The non-localized temperature change 
during adhesive-to-reticle bonding may cause an in-plane 
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distortion of the pellicle frame 802 and reticle 804. For 
example, a distortion in the reticle 804 may cause a distortion 
in the pellicle frame 802. Fig. 8C may show an exaggerated 
amount of distortion because the actual distortion could not be 
easily seen in the real scale of Fig. 8C. The in-plane 
distortion in Fig. 8C may occur from a thermal gradient AT 
between a mounting temperature and a stepper use temperature. 
Figs. 8A-8C may represent a worst-case scenario where both the 
reticle 804 and pellicle frame 802 are brought to the set 
temperature T+AT and back to the original temperature T. 
[0048] If a low melting point polymer layer 700 (Fig. 7) is 
used as an adhesive to bond at least one of the frames 404, 406 
to the reticle 702, a good seal may be obtained by "locally" 
heating the polymer layer 700. For example, an infrared gun may 
be used to locally heat the polymer layer 700. Local heating of 
the polymer layer 700 may cause less distortion than applying 
heat to the pellicle frames 404, 406 and the reticle 702 (Fig. 
8C) . 

[0049] Fig. 9 illustrates a temperature change (horizontal 

axis) of reticles and corresponding in-plane displacement or 

distortion (vertical axis) . The reticles in Fig. 9 have various 

Young's modulus values (E G ) - Fig. 9 shows that distortion may be 

greater for reticles with higher Young's modulus values. 

Distortion may increase linearly with temperature. Although 
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Fig. 9 shows a temperature change of 0,5 degrees Celsius, Fig. 9 
may be used to predict distortion caused by a larger temperature 
change AT in bonding at least one of the frames 404 , 406 to the 
reticle 702 with the polymer layer 700 in Fig. 7. For example, 
the bonding temperature change may be from 45 degrees to 120 
degrees Celsius. In another embodiment, the bonding temperature 
change may be from 65 degrees to 150 degrees Celsius. The 
overall magnitude of thermal induced distortion may be low since 
three out of four plots in Fig. 9 show less than 1 nm 
displacement for a 0.5 C degree gradient. 

[0050] Fig. 11 illustrates a technique of attaching the 
pellicle 402 to the frames 404, 406 of Figs. 4A-4B and attaching 
at least one of the frames 404, 406 to the reticle 702 of Fig. 
6. The pellicle 402 of Fig. 4B is clamped between outer and 
inner frames 404, 406 at 1100. Screws 502 (Figs. 5A-5B) may be 
inserted through the frames 404, 406. The pellicle 402 may be 
heated to stretch the pellicle 402 and remove wrinkles (Figs. 
6A-6B) at 1102. The outer frame 404 and/or the inner frame 406 
may be bonded to a reticle 702 with a pre-cut polymer layer 700 
(Fig. 7) at 1104. 

[0051] The mechanical and thermal techniques, described above 

for attaching the pellicle 402, frames 404, 406 and reticle 702 

without using conventional adhesives, may reduce a potential for 

adhesive by-product outgasing and improve radiation durability 
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(i.e., lifetime) of a "soft" polymer-based pellicle 402 for 193- 
nm and 157-nm lithography. 

[0052] A number of embodiments have been described. 
Nevertheless, it will be understood that various modifications 
may be made without departing from the spirit and scope of the 
application. The techniques described above may be used for 
other applications besides making pellicles. For example, other 
applications may use a method comprising: clamping a polymer 
film between a first frame and a second frame, the polymer film 

having a different coefficient of thermal expansion than the 
first and second frames; heating the polymer film in a range 

between a glass transition temperature and a melting 

temperature; and cooling the polymer film after heating to 

stretch the polymer film. 

[0053] Accordingly, other embodiments are within the scope of 
the following claims. 
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